Abstract. Yeast, as a very valuable microbial resource, has a good enzyme system in the body and can adapt to a variety of special environments. Therefore, it plays an important role in the biological treatment of wastewater. The classification and basic characteristics of yeast were introduced, and the application of yeast in the field of wastewater treatment such as high concentration organic wastewater, heavy metal ion wastewater and domestic sewage were summarized. With the mature of yeast technology and the development of science and technology, more techniques such as gene engineering and immobilization technology will be used to treat with yeast, so that it will have a wider application prospect in wastewater treatment.
Introduction
Yeast is a kind of widely distributed eukaryotic microorganism. Because of its fast growth and high metabolic efficiency, it has attracted much attention. In the early 1990s, the Japanese Research Institute realized the application of yeast wastewater treatment technology for the first time in the world. With the deepening of research, the new technologies with yeast as the core have been more and more widely applied in water treatment in recent years [1] , and showed great potential and broad prospects. At present, yeasts have been applied in many kinds of industrial wastewater treatment, domestic sewage purification and other fields [2] .
The classification and characteristics of yeast
Yeasts are unicellular fungi, which are usually ovoid, circular or cylindrical. It can be divided into two categories: (1) fermented yeast: a kind of yeast that can only use six-carbon sugar to ferment into alcohol and carbon dioxide [3] , mainly used in making bread, steamed bread, and wine-making industry; (2) oxidized yeast: a kind of yeast with strong oxidation ability, weak fermentation ability or no fermentation ability, such as Candida and hansenula polymorpha, mainly used in petroleum processing industry and wastewater treatment process, which is the key target for water treatment. They can utilize many kinds of organic compounds or complex compounds to metabolize [4] .
Yeasts usually grow in the acidic environment that pH is 5.0~6.0, and the optimum growth temperature is 25~30°C. They have the characteristics of acid resistance, osmotic pressure resistance, high temperature resistance and high metabolic efficiency. Besides, they have good enzyme system in the body and can adapt to a variety of special environment and are widely distributed in soil, light water, marine and the surface and body of organism. Different populations of yeast are distributed in the different environments, and the changes of community reflect the changes of environmental conditions. Dynowska [5] thought that Trichosporon sp., Rhodotorula sp., Candida sp. and Cryptococcus sp. can be used as indicator fungi for water pollution. In addition, yeasts have strong degradability to some refractory substances and organic poisons. Studies have shown that yeasts can degrade a variety of macromolecular substances, such as phenol [6] and glyceride [7, 8] .
Application of yeast in water treatment
At the end of the 1970s, Yoshizawa [9, 10] designed a yeast wastewater treatment system. Since then, the unique efficiency of yeast in the treatment of various wastewater has attracted wide attention. With the development of yeast wastewater treatment technology, yeast has been found to produce lipids [11] , glycolipids and enzymes [12] . Therefore, it is widely used in the treatment of high concentration organic wastewater, heavy metal ions wastewater and domestic sewage, which has high utilization value.
Treatment of high concentration organic wastewater by yeast
Yeast can convert most of the organic matter into nontoxic and nutritious single cell protein, which has a high efficiency of wastewater treatment [13] . The source of oily wastewater is wide, and the concentrations of COD and BOD are relatively high. If wastewater without treatment enters the water body, it will cause serious environmental pollution. Yeast treatment technology can reduce the oil content in the wastewater from 10000 mg/L to 100 mg/L, which is not realized by other biological treatment methods at present. It can make the high concentration organic wastewater clean quickly and save the pretreatment process. Therefore, it is widely used in the treatment of high concentration oilcontaining wastewater [14] .
Chigusa et al [15] studied that nine mixed yeast strains isolated from industrial wastewater are used for biological treatment of soybean oil processing wastewater. The device has been running steadily for more than one year. When the influent concentration of COD, BOD5 and oil are 39300 mg/L, 18200 mg/L, and 11900 mg/L, respectively, the removal rate of COD, BOD 5 and oil by the wastewater treatment process of yeast was all more than 93%. In recent years, researchers in China have carried out the research work in this field. Zheng's group [16, 17] treated high concentration salad oil processing wastewater by yeasts which were separated and screened from the environment. The yeasts removed more than 98% of oils and 94% of COD when the concentrations of oil and COD in the raw wastewater were 1500~1700 mg/L and 6000~7000mg/L respectively. But because of the existence of fungi silk, the sludge bulking was caused, and the removal rate decreased obviously. When the C/N was kept at value of 20/1 in the continuous test, settling ability of sludge has been improved to a certain extent [18] .
The treatment of heavy metal ion wastewater by yeast
The removal of heavy metal ions by yeast can be carried out on cell surface and in living cells. The mechanism is complex, mainly including passive adsorption and active adsorption. Zhang et al [19] investigated the effects of adsorption time, temperature, pH and Cr for Pb 2+ according to Langmuir model, respectively. In addition to the above heavy metal ions, yeast has a good adsorption effect on mercury ion, strontium ion and arsenic ion as well as radioactive uranium [22] .
The treatment of domestic sewage by yeast
Although the number of yeast in activated sludge is less than that of bacteria, its role can not be ignored. Yeast can be separated from wastewater treatment plant [23] . Different water quality and treatment process have an important influence on the abundance and composition of yeast population. Liu et al [24] studied that identical sewage was treated with anoxic-anaerobic-aerobic process (A 2 O) and anoxic-aerobic process (AO), respectively, under the same conditions. The results showed that the two systems had similar treatment performance, while there are obvious differences in the yeast community, and there were richer yeast communities in A 2 O than in AO. Meng et al [25] isolated four kinds of low temperature resistantance yeasts from the municipal sewer sediment, and the removal rates of COD by yeasts reached 72%-82%.
Development trends
Yeast has a great advantage in pollutant removal efficiency, which is worth to popularize. As the expanding scope of yeast utilization, the ways and means for the use of yeast are more and more.
Technology combined with other strains
The technology of yeast and other strains was used to treat sewage, making full use of their respective advantages and effectively removing different organic matters in the wastewater. Han et al [7] isolated five yeast strains from the environment. All these strains had higher fatty acid degradation activity with 50%-90% removal rate of oil in 1d from salad oil manufacturing wastewater composed mainly of fatty acids. While the specific degradation velocity of the wastewater is significantly increased after the mixed culture of five yeast strains, which is about 4-8 times higher than that of single strain. Ling et al [26] studied that the diosgenin wastewater was treated by the yeast and photosynthetic bacteria. Macromolecular substances in diosgenin wastewater could be degraded by yeast firstly, which provides good water quality conditions for the treatment of photosynthetic bacteria in the next step. The total removal rate of COD could reach 91.2%, while the removal rate of COD by single yeast and single photosynthetic bacteria is only 34.77% and 53%, respectively. Ling et al [27] utilized a mixed culture of microalgae and yeasts to treat mixed wastewater from distillery and wastewater treatment plant. Microalgae could produce oxygen for yeasts while yeasts could provide carbon dioxide for microalgae. Yeasts mainly uptaked organic matters and microalgae require nitrogen and phosphorus from wastewater, which greatly improved both lipid production and removal of organic matters and nutrients from wastewater. Lipid content and lipid yield achieved were 63.45% and 4.60 g/L, and the removal rates of SCOD, TN, and TP were 95.34%, 51.18%, and 89.29%, respectively, after cultivation of five days.
Directional domestication technology
The new yeast strains can be obtained by using genetic engineering technology, thereby effectively improving the wastewater treatment effect. Wang et al [28] disrupted the MIG1 gene in the oleaginous yeast (the parent yeast), and the disruptant M25 obtained had more lipid bodies than those of its parent yeast. The disruptant M25 contained 48.7% of oil based on its cell weight, while the parent yeast only contained 36.0% of oil. However, because of the immature technology, transforming the strains by genetic engineering methods still need to be further studied. The yeast can also be transformed to the dominant yeast strain undergoing directional domestication. Wei et al [29] screened the phenoldegrading yeast strains from activated sludge and bottom sediment by increasing the concentration of phenol gradually. In addition, the studies showed yeast strains with acid resistance, high temperature resistance and high sugar resistance can be obtained under certain acclimation conditions.
Biological immobilization technology
With the development of biological immobilization technology, its application in wastewater treatment has become a new hot spot. Some species of yeasts can form false branching, which is filamentous and very light, and there were a lot of mycelia in the effluent in the operation, and it is difficult to precipitate. If the control is not appropriate, it will be easy to produce a large number of filamentous bacteria and cause the problem of filamentous bacteria expansion, resulting in higher cost of subsequent treatment. At the same time, yeast is prone to autolysis. If it is not recovered in time, it will cause second pollution problem. The immobilization of yeast by strengthening biological carrier technology can not only improve the number and concentration of yeast and ensure the activity of microorganism, but also be easy to be separated and avoid second pollution.
Conclusions
Through the above researches, it can be seen that yeast can adapt to various kinds of wastewater and bad conditions because of the advantages of acid resistance, osmotic pressure resistance and high metabolic efficiency, so that it can achieve a good removal effect and have a broad prospect. Although the related research started late in China, it has made some progress. In today's world, we should not only consider the great improvement of water quality in wastewater treatment but also maximally recycling resources and realizing energy utilization. In order to make extensive use of yeast wastewater treatment, yeasts should be combined with other more technologies to make it play a greater role.
